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(54) A method for forming an ultra microparticle-structure

(57) A method for forming an ultra microparticle-
structure composed of ultra microparticles including the
steps of:

forming on a substrate (1) higher wettability parts
(3) and lower wettability parts (2) to a material to be
deposited,

depositing on the substrate (1) the material to be
deposited to form particles (4) made of the material
on the substrate (1), and
accumulating the particles (4) in the higher wetta-
bility parts to form the ultra microparticle-structure
composed of the ultra microparticles (5).
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Description

[0001] This invention relates to a method for forming
an ultra microparticle-structure, and more particularly
such a method suitable for forming quantum well wires
and quantum well dots in semiconductor micro-process-
ing techniques.
[0002] Recently, semiconductor micro-processing
techniques have been rapidly developing and large-
scale integrations (LSIs) having feature dimensions of
300 nm have been realized.
[0003] On the other hand, when electrons are con-
fined within a very small area having a dimension of sev-
eral tens of nm in a semiconductor, the quantum nature
of the electron become conspicuous. Thus, taking ad-
vantage of this nature, a new functional device such as
an electron interference wave element or a single elec-
tron element which operates on individual electrons can
be realized.
[0004] Moreover, if a low-dimensional quantum struc-
ture such as quantum well wires or quantum well dots
is applied to an active layer of a semiconductor laser,
for example, it is theoretically predicted that the charac-
teristics of the laser are remarkably enhanced, com-
pared with a conventional semiconductor laser.
[0005] Thus, it is strongly desired to realize nm-scale
processing techniques in the field of semiconductor mi-
cro-processing technology.
[0006] To pursue the above object, in forming semi-
conductor-quantum well wires or quantum well dots, for
example, a method has been developed in which a
quantum well structure is formed through crystal growth
on a wafer, which is processed in strip and rectangle by
lithography and etching, and the side walls of the proc-
essed wafer are embedded by secondary crystal
growth.
[0007] Similarly, in forming a low-dimensional quan-
tum structure such as semiconductor-quantum well
wires or quantum well dots, methods using a crystal-
growing technique have been developed, such as: (1)
a method in which a strip structure is formed by using a
step flow mode to grow a crystal in a transverse direction
from an atomic face-step in a slightly slipped surface
(slightly inclined face) to the low index face of the crystal,
(2) a method in which, after a three-dimensional struc-
ture with small faces known as "facets" is selectively
formed in openings of a substrate partially covered with
amorphous film, on a part of the three-dimensional
structure, a quantum well wire- or a quantum well dot-
structure, is formed, the upper surface of which is cov-
ered with another semiconductor crystalline film, (3) a
method in which, in crystal-growing on a substrate of
which a surface is processed to have a concave-convex
shape, a quantum well wire- or a quantum well dot-struc-
ture is formed at a given position on the substrate by
using different crystal growth rate and is covered with
another semiconductor crystalline film, (4) a method in
which quantum well dots are self-formed using distortion

between heterojunction with different lattice constant,
without specific processing of the crystalline underlayer.
[0008] However, the former method using the crystal
processing of lithography restricts a lateral confining
size and brings about defects in a re-growing boundary.
[0009] Moreover, the latter methods using crystal
growth techniques tend to degrade through a step
bunching phenomena or a step ordering phenomena.
[0010] Furthermore, the above methods can miniatur-
ize the quantum well wires or quantum well dots only
down to several tens of nm-scale and cannot provide
ones with an ideal scale of several nm.
[0011] It is therefore desirable to provide a method for
forming an ultra microparticle-structure composed of ul-
tra microparticles of several nm-scale.
[0012] It is also desirable to provide an alternative
method for forming low dimensional quantum struc-
tures.
[0013] This invention relates to a method for forming
an ultra microparticle-structure composed of ultra micro-
particles comprising the steps of:

forming on a substrate parts respectively having
higher wettability and lower wettability with respect
to a material to be deposited,
depositing on the substrate the material to be de-
posited to form particles made of the material on the
substrate, and
accumulating the particles in the higher wettability
parts to form the ultra microparticle-structure com-
posed of the ultra microparticles.

[0014] Fig. 1 is a general view for explaining one
method for forming an ultra microparticle-structure ac-
cording to the present invention.
[0015] First of all, as shown in Fig. 1(a), for example,
a film 2 made of an energically unstable material with
respect to a material to be deposited is formed on a sub-
strate 1 to lower the wettability of the whole surface of
the substrate 1 with respect to (i.e. as wetted by) the
material to be deposited.
[0016] Next, as shown in Fig. 1(b), openings 3 are
formed on the surface of the substrate 1 to form thereon
higher wettability parts with respect to the material to be
deposited.
[0017] Thereafter, a target made of the material to be
deposited is sputtered and particles 4 made of the ma-
terial are deposited on the substrate 1 at a deposition
rate of 0.01-10 nm/sec (over the whole substrate).
[0018] At this stage, the surface of the substrate 1 has
lower wettability parts for the particles 4 due to the film
2 formed thereon. Thus, as soon as the particles 4 are
deposited on the substrate 1 (surfaces 2A of the film 2),
they immediately migrate along the surface (the surfac-
es 2A of the film 2) of the substrate 1. Then, when they
come to the openings 3 having higher wettability, they
fall into the openings to become more energetically sta-
ble. Therefore, the particles 4 accumulate in the open-
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ings 3 and, lastly, as shown in Fig. 1(d), they collide and
coalesce with one another to form ultra microparticles 5.
[0019] In this case, some particles 4 may melt upon
collision. Such melting can make the ultra microparticles
5 substantially spherical.
[0020] The sizes of the ultra microparticles 5 formed
as described above are determined within (are limited
by) the sizes of the openings 3. Moreover, they can be
freely controlled within the sizes of the openings 3 by
adjusting the amount of the particles 4 to be deposited
and changing the degree of migration of the particles 4.
[0021] Therefore, the ultra microparticle-structure
composed of ultra microparticles of several nm-scale is
easily formed, this being a desirable result.
[0022] The invention will be more particularly de-
scribed by way of example, with reference to the accom-
panying drawings, in which:

Figs. 1(a) to (d) are general views for explaining a
method for forming an ultra microparticle-structure
according to the present invention,
Figs. 2(a) and (b) are TEM photographs of an ex-
ample of an ultra microparticle-structure formed by
a forming method according to the present inven-
tion,
Fig. 3 is a TEM photograph of another example of
an ultra microparticle-structure formed by the form-
ing method according to the present invention,
Fig. 4 is a TEM photograph of a further example of
an ultra microparticle-structure formed by a forming
method according to the present invention, and
Fig. 5 is a TEM photograph showing a growing proc-
ess of ultra microparticles constituting an ultra mi-
croparticle-structure according to the present in-
vention.

[0023] The invention will be described in detail as fol-
lows, with reference to the above drawings.
[0024] Figs. 1 (a) to (d) are general views for explain-
ing the forming method of an ultra microparticle-struc-
ture according to the present invention, as above-men-
tioned.
[0025] In the forming method of an ultra microparticle-
structure, higher and lower wettability parts to a material
to be deposited are needed to be formed on a surface
of a substrate 1.
[0026] In the case of forming only the lower wettability
parts on the surface of the substrate 1, when particles
4 made of the material to be deposited strike the surface,
they do not accumulate thereon, and ultra microparticles
5 are not formed.
[0027] In the case of forming only the higher wettabil-
ity parts on the surface of the substrate 1, when particles
4 made of the material to be deposited strike the surface,
they become energetically stable without sufficient mi-
gration. Thus, as is the case with forming only the lower
wettability parts, the particles 4 do not accumulate to
form the ultra microparticles 5.

[0028] The low wettability parts can be formed on the
surface of the substrate 1 by forming a film 2 made of a
lower wettability material to the material to be deposited
on the surface through evaporation, sputtering, CVD,
MBE, MOVPE, etc. Moreover, the parts may be formed
through ion platting, laser abrasion. Alternatively, those
parts may be formed by making the substrate 1 itself of
the lower wettability material.
[0029] The high wettability parts can be formed on the
surface of the substrate 1 by forming openings 3 in the
film 2 made of a lower wettability material to a material
to be deposited or in the substrate, as above-mentioned.
In this latter case, the physical characteristic of the
opening itself, rather than the higher wettability material
revealed by the openings, leads to higher wettability. In
addition, the openings may be formed through ion-irra-
diation, electron beam irradiation or ultraviolet-irradia-
tion of the surface of the substrate. Moreover, they may
be formed by applying a solution, radical treatment,
plasma treatment, partial heating of infrared laser, or
plating.
[0030] The openings 3 may be formed through plas-
ma etching, vapor phase reaction (dry-etching), or liquid
phase reaction (wet-etching) to the surface of the film 2
or the substrate 1.
[0031] The size of the openings 3 is determined, de-
pending upon the size of the ultra microparticles to be
formed. For forming nm-scaled ultra microparticles eas-
ily, it is preferably 0.5-100 nm, particularly 3-30 nm.
[0032] The material to be deposited may be deposited
onto the substrate by a sputtering method, an evapora-
tion method, a CVD method, a MBE method, or a
MOVPE method. These methods may be selected in ac-
cordance with the sort of the material or other reasons.
[0033] The sputtering method may be preferably em-
ployed for the deposition because it can easily control
its deposition rate. In this case, by setting the deposition
rate over 1 nm/sec, the particles 4 made of the material
are likely to melt. Consequently, ultra microparticles 5
with substantially spherical shape may be formed.
[0034] In the case of constituting the openings 3 (the
higher wettability parts to the material to be produced
on the surface of the substrate) as above-mentioned,
the size of the ultra microparticles 5 can be controlled
within that of the openings 3 by appropriately adjusting
the amount of the particles 4 made of the material to be
deposited or adjusting the migrating amount of the par-
ticles 4 towards the openings 3.
[0035] The amount of particles 4 may be controlled by
adjusting a sputtering rate in sputtering the material to
be deposited, for example. In the case of employing an-
other deposition method, it may be controlled by chang-
ing an evaporation rate or a reaction time of the material.
[0036] Moreover, it may be controlled by interposing
a mesh between a source such as a target and the sub-
strate or making a target of amorphous material.
[0037] The migration of the particles 4 to the openings
3 with high wettability may be controlled by changing the
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deposition rate of the material to be deposited as above-
mentioned or by changing the energies of the particles
4 via the change of the substrate temperature, that is,
the kinetic energies of the particles 4 on the substrate.
[0038] Moreover, it may be controlled by adjusting the
wettability of the surface of the substrate and adjusting
the flatness of the substrate.
[0039] The particles 4 migrate on the surface of the
substrate, that is, on a surface 2A of the film 2 in Fig. 2,
and collide and coalesce with one another on the sur-
face 2A and a surface 1A of the substrate 1 inside the
openings 3 to increase their sizes.
[0040] One can embed the openings 3 on the sub-
strate 1 to prevent the particles 4 from falling into the
openings. The covering of the particles 4 prevents the
particles from further colliding and coalescing with one
another. Consequently, the embedding and the covering
prevent the size of the deposited particles 4 from in-
creasing beyond the size desired.
[0041] The material used to embed the openings 3 or
cover the particles 4 is not restricted, and any kind of
material may be employed for embedding or covering
the particles. For forming the ultra microparticle-struc-
ture uniting the substrate as shown in Figs. 1 (a) to (d),
it is desirable to use the same material as for the film 2
or the substrate 1.
[0042] For example, the above-obtained ultra micro-
particle-structure has ultra microparticles 5 as shown in
Fig. 1(d). Sizes of 0.5 nm to 100 nm, preferably 3 nm to
30 nm, are achievable by controlling the degree of mi-
gration.
[0043] Figs. 2 to 4 are TEM photographs showing an
ultra microparticle structure formed by the forming meth-
od according to the present invention.
[0044] Figs. 2 to 4 each show ultra microparticle-
structures in which particles made of Au are deposited
onto a substrate made of amorphous SiO2. In these Fig-
ures, each dark point represents an ultra microparticle
formed in an opening.
[0045] Figs. 2(a) and (b) show ultra microparticle-
structures formed on a substrate kept at room temper-
ature, and Figs. 3 and 4 show ultra microparticle-struc-
tures formed on a substrate kept at 500°C.
[0046] Figs. 2(a) and (b) show ultra microparticle-
structures formed by depositing the particles for 20 sec-
onds and 60 seconds, respectively. Moreover, Fig. 4
shows an ultra microparticle-structure formed by em-
bedding openings in the same amorphous SiO2 as the
material composing the substrate after depositing the
particles as shown in Fig. 3.
[0047] Since these TEM photographs are taken at
400,000 times magnification, from measuring the size
of the particles in the photographs, it can be seen that
they have a size of about 2-4 nm, which is a desired
size. That is, the ultra microparticle-structure formed by
the forming method of an ultra microparticle-structure of
the present invention has ultra microparticles of nm-
scale.

[0048] Thus, since the ultra microparticle-structure
has particles with ideal sizes for forming quantum well
wires and quantum well dots, it is expected to be suitable
for realizing ones of nm-scale.
[0049] This invention is now concretely described in
the following examples, with reference to the drawings.

Example 1

[0050] In this example, the substrate 1 itself was
made of a material having a lower wettability to the ma-
terial to be deposited, without forming the film 2 as
shown in Fig. 1. The material to be deposited was Au,
and the material having the lower wettability was amor-
phous SiO2. Higher wettability parts were provided as
openings. These had a diameter of 3-30 nm and were
formed in the SiO2 layer by ion beam equipment. The
substrate 1 was composed of a support member to give
the material sufficient strength, here a Cu-mesh, and a
layer made of the amorphous SiO2 formed on the Cu-
mesh by sputtering. Alternatively, sintered amorphous
SiO2 could be used, without requiring an additional sup-
port layer.
[0051] The material to be deposited was deposited,
at a deposition rate of 0.016 nm/sec by sputtering, on
the substrate 1 kept at room temperature.
[0052] When ultra microparticle-structures formed at
deposition-times of 20 seconds and 60 seconds were
observed by a TEM, respectively, the ultra microparticle-
structures turned out to have structures shown in Figs.
2(a) and (b).
[0053] When the average sizes of the ultra micropar-
ticles constituting the ultra microparticle-structures were
measured from the 400,000 times-TEM photographs
shown in Figs. 2(a) and (b), they were 2.10 nm and 3.64
nm with a 20 seconds-deposition time in Fig. 2(a) and
a 60 seconds-deposition time in Fig. 2(b), respectively.

Example 2

[0054] Except that the temperature of the substrate
was 500°C and the deposition time was 60 seconds, an
ultra microparticle-structure was formed as in Example
1. When the thus obtained ultra microparticle-structure
was observed by a TEM, it turned out to have a structure
as shown in Fig. 3.
[0055] When the average size of the ultra microparti-
cles constituting the ultra microparticle-structure was
measured as in Example 1, it was 3.37 nm.

Example 3

[0056] An ultra microparticle-structure was formed as
in Example 2 and was held on the substrate 1 kept at
500°C for 2 hours.
[0057] The thus obtained ultra microparticle-structure
was observed by a TEM, it turned out to have a structure
as shown in Fig. 4.
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[0058] When the average size of the ultra microparti-
cles constituting the ultra microparticle-structure was
observed by the same manner as in the above exam-
ples, it turned out to be 3.64 nm.

Example 4

[0059] In this example, an ultra microparticle-struc-
ture was formed as in Example 2, except that Si was
used as the support layer of the substrate. After the ultra
microparticles constituting the ultra microparticle-struc-
ture were covered with the same amorphous SiO2 ma-
terial as the substrate 1, the ultra microparticle-structure
was observed at a cross section perpendicular to the
surface of the substrate 1. Consequently, it turned out
to have a structure, at the cross section, as shown in
Fig. 5.
[0060] As is apparent from Examples 1 to 3, according
to the forming method of an ultra microparticle-structure
of the present invention, an ultra microparticle-structure
composed of ultra microparticles on a nm-scale can be
formed.
[0061] Moreover, when the deposition time of the ma-
terial to be deposited is increased in Example 1 or the
substrate temperature is increased in Example 2, the
sizes of the ultra microparticles constituting the ultra mi-
croparticle-structure are increased.
[0062] From the fact that the ultra microparticles are
uniformly dispersed in Example 2, on the contrary, they
are randomly dispersed in Example 3, it is apparent that
they migrate during the two hours. Moreover, as is ap-
parent from the TEM photograph in Example 4, the ultra
microparticles, constituting the ultra microparticle-struc-
ture formed by the forming method of the present inven-
tion, are almost spherical.
[0063] As above-mentioned, amorphous SiO2 mate-
rial is employed as the lower wettability material and Au
material is employed as the material to be deposited in
the examples. Then, the substrate comprises a layer
made of the amorphous SiO2. However, the present in-
vention may be applied not only with these materials,
but also for any kind of material.
[0064] For example, as the material to be deposited
may be used Si, GaAs, InP, GaN, ZnS, ZnO, AlN, Al2O3,
TiO2, PbTiO3, W, Ag, Cu, CuCl2, CdS, PbS, a compound
of these materials, etc., in addition to the above Au.
[0065] Moreover, as the lower wettability material
constituting the substrate may be used Si, amorphous
Si, amorphous SiHx, Si3N4, amorphous SiN, Al2O3,
CaF2, NaCl, TiN, SiC, GaAs, AlN, Zn, TiO2, graphite,
diamond, etc., besides the above amorphous SiO2.
[0066] Furthermore, in forming the film 2 as shown in
Fig. 1, if required, a lower wettability material to the ma-
terial to be deposited is selected from among the above
materials, and the film 2 is formed of the selected ma-
terial by sputtering.
[0067] Although the present invention has been de-
scribed in detail with reference to the above examples,

this invention is not limited to the above disclosure and
every kind of variation and modification within the claim
scope may be made without departing from the scope
of the present invention.
[0068] As mentioned above, according to the present
invention, an ultra microparticle-structure composed of
ultra microparticles with several nm-scale can be easily
formed. As a result, quantum well wires or quantum well
dots having a low-dimensional quantum structure may
be formed in an ideal size. Moreover, a device having
new functions such as a single-electron element can be
also formed.
[0069] Furthermore, VLSIs can be much miniaturised
by using the present invention.

Claims

1. A method for forming an ultra microparticle-struc-
ture composed of ultra microparticles comprising
the steps of:

forming on a substrate (1) higher wettability
parts (3) and lower wettability parts (2) with re-
spect to a material to be deposited,
depositing on the substrate the material to be
deposited to form particles (4) made of the ma-
terial on the substrate, and
accumulating the particles in the higher wetta-
bility parts (3) to form the ultra microparticle-
structure composed of the ultra microparticles
(5).

2. A method for forming an ultra microparticle-struc-
ture as defined in claim 1, wherein the higher wet-
tability parts (3) are composed of openings formed
on a surface of the substrate.

3. A method for forming an ultra microparticle-struc-
ture as defined in claim 1 or 2, wherein the material
deposited is deposited by sputtering.

4. A method for forming an ultra microparticle-struc-
ture as defined in claim 3, wherein the deposition
rate of the material deposited is 0.01 nm/sec to 10
nm/sec.

5. A method for forming an ultra microparticle-struc-
ture as defined in any one of claims 1 to 4, wherein
the sizes of the ultra microparticles (5) constituting
the ultra microparticle-structure are controlled by
adjusting the amount of the material deposited.

6. A method for forming an ultra microparticle-struc-
ture as defined in claim 5, wherein the amount of
the material deposited is controlled by adjusting the
deposition rate of the material.
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7. A method for forming an ultra microparticle-struc-
ture as defined in any one of claims 1 to 6, wherein
the sizes of the ultra microparticles (5) constituting
the ultra microparticle-structure are controlled by
adjusting the temperature of the substrate.

8. A method for forming an ultra microparticle-struc-
ture as defined in any one of claims 1 to 7, wherein
the ultra microparticles (5) constituting the ultra mi-
croparticle-structure are formed by collision and co-
alescence of the particles deposited by migration of
the particles (4) on the substrate.

9. A method for forming an ultra microparticle-struc-
ture as defined in claim 2, further comprising the
steps of:

embedding the openings (3) formed on the sur-
face of the substrate after depositing the mate-
rial to be deposited on the substrate, and
covering the ultra microparticles (5),
whereby the size of the ultra microparticles (5)
constituting the ultra microparticle-structure is
prevented from being increased.

10. A method for forming an ultra microparticle-struc-
ture as defined in any one of claims 1 to 9, wherein
the wettability of the surface of the substrate (1) is
lowered by directly covering the surface at least par-
tially with a material of relatively low wettability with
respect to the material to be deposited.

11. An ultra microparticle-structure composed of ap-
proximately spherical ultra microparticles (5) having
diameters of 0.5 nm to 100 nm.

12. A low-dimensional quantum structure, such as
quantum well wires or dots, incorporating an ultra
microparticle-structure as defined in claim 11.
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